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The radiative lifetime of N, (a 'II,, v=0-2)

William J. Marinelli, William J. Kessler, and Byron David Green
Physical Sciences Inc., Rescarch Park, P.O. Box 3100, Andover, Mussachusetts 01810

William A. M. Blumberg

Air Force Geophysies Laboratory, Hunscom Air Force Base, Massachusetts 01731

(Received 1 March 1989; aceepted 6 April 1989)

We have employed direct two-photon laser excitation of specific vibrational levels of

N, (u ‘ll_L, ) 1o measure the hifetime of this state. Direct observation of emission from the
a'll,=X'Z transition in a large cell was employed to follow fluorescence decays.
Experiments were conducted 10 verify that the effects of collisional transfer and ditfusion were

not contributing to the observed lifetime. Our experiments showed that the radiative lifetime of

vibrational levels 0-21s 56 + 4 s and is independent of vibrational level, within experimental

error. The observed lifetimes are in good agreement with recently reported theorcticul

calculations.

INTRODUCTION

Knowledge of the radiative lifetimes of the low-lying
metastable states of N, is of great importance to our under-
standing of such phenomena as energy transfer processes in
auroral exeitation, chemical lasers, and high-voltage switch-
ing. [u spite of their importance, the lifetimes of these states
are still poorly known due to the experimental difficulties
which arise in observing such long-lived species.

Thea '11, state of N, is a prominent emitter in the vacu-
um ultraviolet (VUV) spectrum of aurorully excited N..'*
The @ '11,-X'2! Lyman-Birge-Hopfield (LBH) bands
extend from approximately 130 to 200 nm comprising emis-
sion from v’ = 0-6 of the @ ', state.” Levels above v/ = 6
undergo a weak predissociation and are not observed in
emission. The LB transition is dipole forbidden. Hence,
the observed transition strength is due to contributions from
the magnetic dipole and clectric quadrupole moments. In
addition to emission through the LBH bands, the g '11, state
may exchange radiation with the«’ '2Z,, state. The origin of
this state lics 1212 cm™ ' below the @ ', and the nested
vibrational levels of these states allow for collisional and ra-
diative exchange of energy in this coupled system. A poten-
tial-energy level diagram of these states is shown in Fig. 1.
Infrared emission from these transitions was first observed
by McFarlane.® Due to the low frequency of these transi-
tions, they may contribute only a few percent to the total
radiative decay rates.

The radiative lifetime of the a state has been the subject
of numerous investigations. In spite of these efforts, the re-
ported values cover a range of over a fuctor of 3. Early ex-
periments by Lichten” employed a molecular beam time-of-
flight method to measure a lifetime of 1 70 + 0.30 10 *s.
He used electron excitation near threshold to produce the
metastable N,. A particle detector was employed to measure
the arrival time of all metastables at a fixed distance from the
point of production. This detector could not discriminate
between different metastable species. His analysis included
production of the 4 °2! and a 11, states. However, the
analysis did not account for production of the ¢’ 'S, state,
which was assumed to have a short lifetime. Similar evperi
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ments performed by Olmstead and co-workers, " and Borst
and Zipt"' gave lifetimes of 1.20 0 05010 5 and
115 4- 020 < 10 s, respectively Neither stedy incled-d
radiative decay of the ¢ state in the analysis of their time-ot-
flight (TOF) data. More recent measurements by Muson
and Newell,'? who used a similar TOF method, support the
lifetime obtained by Borst and Zipt. Additional measure-
ments by Holland" employed a spectrometer and scanning
photometer to measure the rudial extent of LBH emission
from a collimated electron beam traversing a low pressure
(107 Torr) N, sumple. An anulysis of the emission gave un

upper limit to the lifetime of 0.80 X 10 *s. The inclusion of

cascade from higher levels of N, excited by the electron
beam in their model would reduce the caleulated litetime.
This lifetiie appears to be the most retiuble of the decay
measurements.

Several studies nave employed absorption oscithutor
strength measurements on the LBH teansition to infer radia-
tive lifetimes. These measurements cannot measure any con-
tribution (o the lifetimes from other channels, such as the
a—a’ transition. Garstang™ analyzed measurements of gen-
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FIG. 1. Potential-energy diagram for the bowest vibrauoual levels of the
NGO and Ny 'L ) satea.
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eralized oscillator strengths to obtain a total lifetime of
0.46 % 107" 5. The pressure-broadened absorption intensi-
ties of Ching and co-workers'® were analyzed to give a life-
time of 0.30 % 107 3. Subsequent measurements of oscilla-
tor strengths by Shemansky'® for levels 0-8 gave lifetimes
ranging from 1.4 t0 1.6 X 107 * 5. These measurements were
later reexamined by Ajello and Shemansky'” and adjusted
downward to match the value measured by Holland. Pilling
and co-workers'* obtained lifetimes ranging from 0.76 to
116X 107" s for levels 1-6 from their curves of growth
method of determining oscillator strengths.

Recently, Dahl and Oddershede' employed a second-
order polurization propagator method (SOPPA) to calcu-
late the rudiative rate of the a-X transition. They culculated
radiative  lifetimes  ranging  from 0.59x<107% 1o
0.68x 107" s for vibrational levels 04, respectively. Their
caleulation showed that the oscillator strength is derived al-
most solely from the magnetic dipole moment and only 4%
10 39% can be attributed to the electric quadrupole moment.

The experiments which we are reporting on in this paper
wure eorefully designed to measuie the radiative lifcume of
N, (a). Selective two-photon laser excitation of the N,(g,v)
level to be studied is employed to eliminate interference from
cascade effects common to all the electron beam excitation
studies. Direct detection of N, (¢~X) emission is employed.
Under these conditions simple Stern-Volmer-type kinetic
analysis may be utilized to extract the lifetime data for
v" = 0. For vibrational levels 1 and 2 coupled relaxation with
thed' 'Y, state complicates the kinetic analysis. However,
the experiments are conducted at sufficiently low pressures
that coliision-free lifetimes may be obtained for these levels
directly from the data. The experiments reported here comn-
pliment our previous studies on the coupled relaxation of the
a—~d’ state manifold™ and the quenching of N, (a,v = 0) by
several species important in auroral chemistry. !

EXPERIMENTAL

A cructal factor in the design of experiments to measure
lifetimes of long-lived species is the avoidunce of field-of-
view (FOV) and wall effects. The treatment of such mea-
surements was described in detail by Sackett.”” The species
must be produced sufficiently far from the fluorescence cel!
walls such that transport to the walls does not result in sig-
niticant heterogeneous deactivation. Similarly, thermal mo-
tion of molecules out of the detector field of view must be
limited to a rate much less than the radiative rate. If either of
these conditions is not satisfied, the effective loss rate mea-
sured experimentally includes a transport contribution and
thus the experiment overestimates the radiative rate. The
practical consequence of these considerations is that the time
required to leave the field of view, in the collision free regime,
should be no less than about 4 radiative lifetimes. Of course,
the cell walls should lie outside or define the field of view.
Since few molecules will leave the FOV during the early de-
cay times, analysis of the decay profiles for the initial part of
the decay minimizes errors due to FOQV effects. This consi-
deration is somewhat mitigated by the weighting uccorded
points at early times (maximum intensity) in the least-
squares fit used to determine the decay rate. An analysis of
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our experimental configuration similar to the unalysis de-
scribed by Sackett indicates that the measured lifetime cun
be no greater than 59 below the actual value. This analysis
was conlirmed by expertments which will be deseribed be-
low.

In our experiments a large steel cross was used as the
fluorescence chamber. The inner diameter o the cross was
20 cm. Two udditional arms, located normal to the plane of
the cross, were employed to introduce light from the excita-
tion laser. A schematic diagram of the excitation cell is
shown in Fig. 2. Fluorescence trom N.(a) was detected us-
ing a solar-blind PMT (EMR-342G-17. CsI photocathode)
located on the center axis of one urm of the cross. The PMT
has a 28.7 mm eflective diameter photocathode. The FOV of
the cathode was apertured to insure that 1t met the walls at
the point where the laser bewm enters the chamber. The exci-
tation laser is tocussed using a 12,3 cm tocal length iens lo-
cated in the batlle arm. The light is recaptured by a baflle
arm on the opposite side of the chamber, which is equipped
with a Brewster-angle window and Wood's horn. Since eaci-
tation of N.(a) 1s a two-photon process, it is preferentially
produced in the smull confocul volume of the lens in the
center of the chamber. In the low-pressure liit, where the
mean free path of an N, molecule is lurger than the distance
from the center of the chamber 10 the nearest wall, transit to
the wall requires approximately 220 g5 ut thermal velocities.
[fthe N, (a) lifetime is near 80 us, as previous nmcasurenients
would suggest, greater than 949 of the excited state mole-
cules produced by the laser would rudinte prior to leaving the
detector FOV. Since the detection volume is defined by an
extended cylinder, the use of the eylinder radius inour culeu-
lation is quite conservative.

A frequency doubled Nd:YAG pumped tunable dye lu-
ser was employed to excite N, (a,0) in the experiments. En-
ergies from 10-20 mJ per pulse at a repetition rate of 10 Hz
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FIG. 2. Schematic diagram of the fluorescence cell used Tor the hifetime
measurements. The approximate detector ticld of view v idicated by the
shaded region.
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were obtared from the Liser. The location of the N, (¢ = 0)
bands excited by the Taser in these experiments were mea-
sured experimentally using 2 4 2 REMPT spectroscopy on
the a-X bands i a smadi discharge low reactor. The excita-
tion laser wavelength wias <et to excite the S branch band
head (/= 68y for all the transitions studied. No effort was
made to determine the hfetime as a function of rotational
fevel The levels studied are oo low in energy to be effected
Py predissoctation and no perturbations have been reported
for this system.” The solar-blind PMT was operated in pho-
ton conmting mode. A multichannel scaler was emploved to
count the phaton pulses as a function of time following the
Liser pulses A dwell time of 2 pg</charnel was used in all
avperiments Pypicaliy 8000 channels of data were recorded
forcach pulse and data from 10 000 [aser shots was averaged
o obtun oo anele decay profiles The PMT was separated
from the chamber bya 2o diam Mg, window. The hous-
s prrced ot loeh flows af dry N to eliminate VUV
abcarption by atmospherie O

Ihe Tioreseence chamber was internally blackened us-
iz low vapor pressure colar absorbing black paint (3M
FCP-2207 o mumimize seattered hight, The chamber was
pumped byacrvotrapped S . diam diffusion pump with an
eflfective pumping spocrd of 1500 1s ' The blank-off pres-
wiure af the chamber was Tess than 100 " Torr. Reagent grade
Noatpressures from O T to 20 mTorr (3.3 107 to 2.6 10'°
molecules em Y was used for these experiments. At the
higher prescures the diffusion pump was throttled using a
cate valve, Typical gas flow rates of 10 gmol's ' were em-
ploved. Precorre mthe chamber was measured using a high
accuracy Oto 1 Torr capacttance manometer {MXKS Instru-
ments ),

RESULTS

Experiments were conducted to measure the lifetimes of
0.2 of the v state. However. the kinetics of determining
the ifetimes of levels Tand 2 are complicated by the presence
ofresonant enerey exchange hetween the g and @ states. We
will first discuss the measurements of the lifetime of r =0
aned then address the Ifetimes of the higher levels.

A. Vibrational level 0

The relaxationof - 0in NLisdesceribed by the reaction

segience

/.

COa0) NN CNGAE 1212em L kL,

N ota) N I BED, A

NG NN OV L N kL
Nt N, e

Ny o NL NV VN A

TEN Ca 0y is prodoced onatime scale fast compared to
e relasanon rates, we have previousty shown”' that the
docas el s state vsomven by the equation

: . (2. -C,)
N R R
A=A,
AT ;,l
. o
C,

where €, = (k, + k) [N,] + &, and 4, and 4, arc to a
good approximation given by

A= (ki + k)N + ko Ay = (ki + kD[N, ] + A,
Thus. A, describes theinitial decay of N,(a,0) through both
collisional (k, + k) and radiative (k,) processes. The rate
A, describes the decay of the system from the coupled equi-
librium achieved at higher pressures and longer times. Thus,
at low pressures the decay of N,(a,0) should appear as a
single exponential function. At higher pressures the decay
should appear bicxponential, showing the initial decay to a
coupled equilibrium and the subsequent decay of the cou-
pled system. Thus, by fitting the decay data to a single expo-
nential at low pressure or a biexponential at higher pressures
the value of 4, may be determined. A plot of A, vs N, num-
ber density should give &, -+ k¢ as the slope and 4, the ra-
diative rate of interest, as the intercept.

The decay of N.(a.0) as a function of time is shown at
pressures of 0.9 and 50 mTorr (3.0 10" and 1.6 < 10" mo-
lecules em %) in Fig. 3. At 0.9 mTorr the mean free path of
N. is comparable to the chamber dimensions and only a sin-
gle exponential decay is observed. At 50 mTorr collisional
equilibrium is fully established with the o siate and a double
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FIG Y (a) Ny (oo O) decay plot for a pressure of 0.9 mTorr. The solid
line represents asingle decay fit to the data. (b) N.(a) decay plot at o pres.
aire of SOmTorr iflustrating the appearence of bicxponentiat relaxation due
to coupling with N.(o'.r 0). Note the different time scales.
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exponential decay is present. Scattered laser light is detected
by the PMT in both traces. Our analysis of the decay rate
{(solid hime it to the data) begins aller the laser signal has
decayed (approximately 40 us). The analysis of the data
yields values for 4, or 4, and 4,. For biexponential decays
the value of 4, 1s determined by the ditfusion of N.(d")
(7.4 ~20 ms) out of the detector FOV. A plot of 4, us a
function of N, number density is shown in Fig. 4. The slope
of this line gives u quenching rate coeflicient of
20+ 0.1x 107" em® molecule ~ ' s 7', This value is in good
agreement with our previous determination of this rate coef-
ficient.” The intercept of this plot gives a radiative rate of
1.78 4+ 0.14 < 10*s 7' or aradiative lifetime 0f 56.2 + 4.6 us.

This lifetime 18 somewhat smuller than previous esti-
maltes but consistent with Holland’s'* lower limit. Two ex-
periments were performed o confirm the validity of the life-
time measurement. Both experiments were designed to show
that transport out of the detector FOV was not a significant
contribution to the collisionless N,(«,0) loss rate. First, a
Hg pen-ray lamp, masked to emit light {rom only u small
pinhole, was scanned across the detector FOV. The detector
signal was recorded as a function of light source position.
The experiments revealed that the collection efficiency is
negligible at the chamber wall. The efficiency rises within |
¢m of the wall to near its maximum value, and then slowly
increases by 15% to 4 maximum in the center of the tank.
This variation in efficiency has a very small effect on the
measured lifetime.

A second experiment was performed in which an aper-
ture was placed on the PMT to reduce the detector’s FOV to
a radius of 5 ¢m at the center of the chamber (factor of 2
reduction). The lifetime measurements were then per-
tormed with this restricted FOV. The Stern—-Volmer plot of
first-order decay rates as a function of N, number density for
a more restricted set of low-pressure data is shown in Fig. 5.
The data give a lifetime of 58.4 4+ 1.6 us in good agreement
with the expanded FOV measurement. The rate coefficent
obtained from the data is 2.4 +0.2x10"" cm® mole-
cule ~'s 7' (statistical error limits). This rate coeflicient is
somewhat higher than the value obtained with the full FOV
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FIG. 4. Plot of N,(a,v = 0) first-order decay rates (4,) as a function of N,
pressure. The intercept gives the radiative decay rate (7 = 57.5 -+ 2.3 us).
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but is less reliable due to the restricted range of N, number
densities employed. These two eaperimients enable us to con-
clude that FOV effects are not a factor in our lifetime mea-
surements, and provide additional coutidence in our results.

B. Vibrational levels 1 and 2

The Stern-Volmer plot tor the relaxation of ¢ = 1 15
shown in Fig. 6. The lowest pressure radiative decay rates
measured in the experiment are nearly identical to those ob-
tained for v = 0. However, at N, deasities upito 2 - 10" mol-
ccules ¢ Y the apparent decay rute appears o decrease
(increasing lifetime) to nearly half the low pressure lunit.
Similar, though not identical, behavior is observed for the
relaxation of v = 2 in this pressure range. At higher pres-
sures the relaxation of v =1 appeurs to proceed at a rate
comparable to the rate measured for v - 0. Vhe Jow pressure
behavior observed for v = 1 is characieristically obtained in
cases where the radiating species ditfuses out of the detector
field of view. The increase in rate at low pressures occurs in
the transition from diffusion controlled to free molecular
transport. Our experiments on the lifetime of 0 = O effective-
ly preclude this explanation since one would expect virtually
identical diffusion cocellicients for both vibrational Jevels.
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We have beensable to explain this behavior by consider-
ing the effecte of coupling of No(a0 = 1) to Na(a'.v = 2).
The energy fevel diagram of Fig, 7 shows the respective ener-
cies of the fowest vibrational levels of the g and a” states. The
Inwest vibrational level of the a state is comparatively isolat-
ed. The a'o ¢ = 1 level Hes 295 em ! higher in energy (1.5
times kKT Henee, coupling of these two levels is less effi-
cient. Our experiments indicate that radiation and quench-
e the Tower energy o'+ 0 level dominate the relaxa-
son provess, However, 0 2 of the @' Gate Yies only 112
em Cabover - L ofthe astate. Thus, collisional coupling of
these Tevels should be mach more facile at 300 K thermal
energies. Griven the slow loss rate for @, v = 1 under higher
pressure conditions, it might be expected that, at early times,
a. = 1 opreferentially couples to 1= 2 of the @’ state. The
reported radiative ifetimes for the @’ state are quite long
(several ms).” 7 hence. this level would simply act as a
reservoir state until subsequent collisions can transfer the
population back into the e state. The net result of this process
would be an apparent lengthening of the lifetime by the
round-trip transit time, which is of course a function of pres-
sure. At higher pressure the two level system becomes com-
pletely coupled and the observed decay is that of the coupled
system. The important kinetic processes for this mechanism
arc shown in g, 7.

We have constructed a kinctic model of this system in
which energy-gap scaling and microscopic reversibility have
heen employed to describe the coupling of the near-resonant
vibrational fevels. The degeneracy of each level was obtained
by counting all rovibronic states for each level within kT
(205 ¢cm ') of the vibronic origin and multiplying the sum
by the appropriate clectronic degeneracy, The rate coeffi-
cient for quenching of ¢. v = (0 was used to describe the pure
quenching of ¢. v = 1. The low pressure decay rates were
used todefine thea, v = | radiative lifetime, Thee the model
has no adjustable parameters. The rate cquations were nu-
merically integrated to obtain the temporal behavior of
N.(a, v -~ 1). These decay curves were analyzed using our
standard data reduction methads to obtain the first-order

decay rates. The model rates are plotted as the solid curve in
Fig. 6. The model shows remarkable agrecment with the
data. Thus, the ncar-resonant coupling of the two vibration-
al manifolds appears to explain the behavior of the first-or-
der decay rates in the single collision pressure regime and we
feel justified in using the lowest pressure decay rates to define
the radiative lifetime. These radiative lifetimes are
535+ 38usforv=1and 51.1 + 9.0 us forv = 2.

DISCUSSION

The radiative lifetimes for vibrational levels 0-2 report-
ed in this paper represent the first selective and most dircct
measurements on the a 'll, state of N,. A lascr was em-
ployed to excite a specific vibrational level of the a state and
emission from that level was directly observed. In this man-
ner the effects of radiative and collisional cascade were effec-
tively eliminated as a source of error. Qur experiments also
carcfully excluded crrors duc (o ficld-of-view effects by con-
ducting measurements designed to define the FOV and test
the effects of a restricted FOV on the measured result. Final-
ly, the departurce of the first-order kinctic decays for v = 1
and 2 from idealized Stern-Volmer behavior was explained
by coupling to near-resonant levels of the a’ 'Z, state. The
radiative lifetimes we have measured for these vibrational
levels are indistinguishable, within experimental error. We
believe an average value of 56 + 4 us (two sigma) most ac-
curately reflects the true lifetime.

The shorter radiative lifctime for N,(a) measured in
this study also has implications for the radiative lifetime of
thea' 'S, state reported by Piper.?* In his study the invar-
tance of the N, (a.r = 0)/N, (a',v = 0) emission intensitics
with Ar pressurc in a discharge flow reactor was used to
establish a lower limit on the lifetime of a’, v = 0. The steady-
state analysis employed gave the following relationship
between the lifetimes of N.(a.0) and N,(a’,0):

k, 1,
_Trl‘
k_, 1,

o

Tu‘ 2

where /7, /1., is the ratio of emission intensities. A,/7k _, is
given by microscopic reversibility, and 7, is the radiative
lifetime of N,(a 'I'IL,, r = 0). A critical revicw of the avail-
able literature at the time fixed the N,(a) lifetime at 80 * ;¢
Jts. Hence, Piper was able to place a lower limit of 23 */' ms
for the average lifetime of a’, v = 0. The lifetime of the for-
bidden transition is a strong function of rotational level?*
and this value represented an average for a 300 K rotational
distribution. Our new value for the a state lifetime requires
that Piper’s lower limit be revised to 17 4- 2 ms.

The results of the present study can be reconciled with
previous measurements of the lifetime by considering the
respective measurement techniques which were employed in
thosc studies. The carlicr studies were grouped into two
classes: the molecular-becam time-of-flight experiments and
the curve-of-growth absorption measurements. The fluores-
cence measurements of Holland'' and the calculations of
Dahl and Oddcrshede'® will be discussed separately.

The molecular beam time-of-flight (TOF) studies,® '?
which comprise the bulk of the mcasurements, universally
discounted the rolc of the metastable @’ '3, state in the col-
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TABLE 1. Comparison of caleuluted and measured N (g lll,‘.,u) radiative lifetimes.

Vibrational A{u-X) rlu—A") Alu-a)t A(total) r(total) 7(incas. )"
level (s™") (10" “y) (TS (CS) (107" (107 “y)
0 17 062 58.06 100 17 162 56.3 575+ 2.3
l lo 838 59.4 o048 17 450 57.2 535+ 338
2 1o 6306 001 1186 17 822 56.1 511 +90
3 16 155 0.9 u44 17 099 58.5
4 14671 0¥.2 2169 1o 340 59.4
Average 57.9 22 56.2 + 3%

*Calculated 1n Refl 19,
® Caleulated in Ref 20.
*This work

lision-free decay of metastable N,.. Freund®™ correctly
showed that the collision-free relaxation of these states
would be nonexponential due to the radiative coupling of
these states via the MacFarlane infrared bands. Our pre-
vious paper indicated that the g—»¢’ transitions could signifi-
cantly alter the radiative lifetime of the ¢’ and, to a lesser
extent, the ¢ state. The particle detectors employed in the
TOF measurements could not distinguish between the arriv-
al of ncar-isoenergetic N.(«) and N.(d') states. Electron-
beam energy threshold measurements were adequate to sep-
arate the decay of the longer-lived 4“2 state but could not
resolve the @ and @' states. The o’ state was thought to have a
much shorter lifetime than current measurements indicate.
Hence, it was believed that this state did not contribute to the
metastable N, flux observed at the detector. A simple analy-
sis of the coupled kinetic decay of this system shows that the
combined ¢/« states will appear to decay nonexponentially
if followed for several apparent lifetimes. However, most of
the TOF experiments did not possess the capability to follow
the decay for more than approximately 200 ges. Under these
conditions the decays appear roughly exponential with ap-
parent lifetimes factors of 1.5 to 4 times the true lifetime. The
magnitude of the distortion depends on the relative excita-
tion efficiencies of the two states and the time over which the
decay is analyzed. We believe this effect accounts for the
wide range of lifetime values, all greater than our current
value, reported for this state.

The absorption oscillator strength measurements of the
a-X transition probabilities are somewhat more difficult to
analyze. The results of the many studies were surveyed in the
introduction. The primary discrepancy in the studies ap-
pears to be the ratio of the electric quadrupole to the magnet-
ic dipole contributions (Q/D) to the total oscillator
strength. Recently, Shemansky'” has reanalyzed his absorp-
tion data to reflect a lifetime closer to the 80 us reported by
Holland '* The lifetime obtained from Holland's electron
beam excitation study was derived from analyzing the spa-
tial extent of the LBH band emission intensity, The 80 us
value reported by Holland is actually an upper limit to the
lifetime. The observation of nonlinear increases in the popu-
lations of some of the low-lying vibrational levels of the a
state led Holland to conclude that additional “*slow” cascade
mechanisms may be operative. He concluded that the true
lifetime may be as short as 40 us if a cascade contribution of
25% 10 35% percent is added to the direct production. The

lifetime of 56 s obtained in our studies is consistent with «
contribution of that magnitude from the ¢’ state.

The recent theorctical studies of Duhlund Oddershede!”
are in excellent agreement with our results. They caleuluted
the value of Q/D (o be 0.05; substantially less than deter-
mined from the absorpton dati. These caleulations were for
the ¢-& trunsition and showed a shight merease in the he-
time over the range from ¢ =- 0 o 4. Inclusion of the transi-
tion probabilities for the -4’ transition from our previous
paper in the total transition probability reverses the trend in
the lifetime data to show a slight decrease, as shown in Tuble
1. The average value of the hifetime tor the three lowest levels
18 57 4 2 us (twosigma). Thisis well within the range ofour
experimental uncertainty.

CONCLUSIONS

Our direct measurement of the radiative litetme of N,
(g, v =0-2) gives an average lifetime of 56 + 4 g8 and s
independent of vibrational level, within experinenal error.
The current results can be rationahized with respect to pre-
vious molecular beam time-of-flight and electron beam tlu-
orescence measurements. The datis in excellent agreement
with recent theoretical calculations.
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